OBJECTIVES: To examine trends in detection and survival of hollow viscus gastrointestinal neuroendocrine tumors (NETs) across time and geographic regions of the U.S. METHODS: We used the Surveillance, Epidemiology and End Results (SEER) database to investigate 19,669 individuals with newly diagnosed gastrointestinal NETs. Trends in incidence were tested using Poisson regression. Cox proportional hazards regression was used to examine survival. RESULTS: Incidence increased over time for NETs of all gastrointestinal sites (all P < 0.001), except appendix. Rates have risen faster for NETs of the small intestine and rectum than stomach and colon. Rectal NETs were detected at a faster pace among blacks than whites (P < 0.001) and slower in the East than other regions (P < 0.001). We observed that appendiceal and rectal NETs carry the best prognosis and survival of small intestinal and colon NETs has improved for both men and women. Colon NETs showed different temporal trends in survival according to geographic region (P interaction = 0.028). Improved prognosis was more consistent across the country for small intestinal NETs. CONCLUSIONS: Incidence of gastrointestinal NETs has increased, accompanied by inconsistently improved survival for different anatomic sites among certain groups defined by race and geographic region.
Introduction
Carcinoid tumors of the gastrointestinal system are slow-growing, heterogeneous neuroendocrine tumors (NETs) with inconsistent clinicopathologic and biologic character [1] . The wide spectrum of symptomatology of the disease has made it impossible to equate all gastrointestinal NETs, and their treatment and prognosis are dependent on the anatomical location of the found lesion in addition to its histology and size. To obscure matters further, the 7 th AJCC TNM classification has led to a parallel staging system from the established European Neuroendocrine Tumor Society (ENETS) [2] .
Behavioral features such as smoking [3] and genetic factors [4] have been implicated in the etiology of these lesions; however, clear causative factors have not yet been delineated. Although there are reports on the incidence and prevalence of gastrointestinal NETs, the purpose of our study was to examine trends in detection and survival of hollow viscus NETs across time and geographic regions in the United States using the Surveillance, Epidemiology and End Results (SEER) database [5] . Our study included only primary
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NETs diagnosed between 1973 and 2008. To our knowledge this is the most comprehensive and up-to-date retrospective analysis of gastrointestinal NETs reported in the United States focusing on differences according to gender, race/ethnicity, age, and geographic region.
Materials and Methods
All 17 registries of the National Cancer Institute's SEER database , excluding Hurricane Katrina Impacted Louisiana Cases (cases diagnosed July-December 2005) were examined for gastrointestinal NETs [5] . Cases were selected based on primary site code: C160-9, stomach; C170-9, small intestine; C181 appendix; C180, C182-189, and C260, colon; and C199 and C209, rectum. The following histology codes were included in this analysis as NETs: 8240, malignant carcinoid tumor; 8241, enterochromaffin cell carcinoid; 8245, adenocarcinoid tumor; 8246, neuroendocrine carcinoma; and 8249, atypical carcinoid tumor. Non-first-tumors were excluded as well as stage 0 cases.
Racial/ethnic groups were categorized as the following: non-Hispanic white, Hispanic white, black, Native American (American Indian/Alaska Native), and Asian. Patients of "other" or unknown race were excluded from analysis, as well as those with unknown age at diagnosis or unknown historic stage (localized, regional, or distant). Localized disease is defined as NETs that have not spread outside the wall of the primary organ, regional metastasis includes NETs that have spread beyond the wall into surrounding tissue or lymph nodes, and distant metastasis includes NETs that have spread to tissue or organs away from the primary organ. Historic stage of diagnosis was used for analysis rather than other staging systems in an effort to maintain consistency across time. Thus, a total of 19,669 gastrointestinal NETs were included; we considered only hollow viscus NETs and excluded pancreatic NETs in this study, since pancreatic NETs are often staged using the same staging system for pancreatic cancer. Geographic regions were categorized according to SEER registry site: West (San Francisco-Oakland SMSA, Seattle/Puget Sound, Utah, San Jose-Monterey, Los Angeles, and California excluding SF/SJM/LA), South (Atlanta metropolitan, rural Georgia, Kentucky, and Louisiana), East (Connecticut and New Jersey), Midwest (Detroit metropolitan and Iowa), Southwest (New Mexico), and HI/AK (Hawaii and Alaska Natives). The latter two regions were excluded from region-stratified analyses due to small numbers.
Incidence rates each year between 1975 and 2008 were calculated using SEER*Stat 7.0.4 for the original 9 SEER registries, expressed per 100,000 person-years and age-adjusted to the 2000 US Standard Population (19 age groups -Census P25-1130) [6] . Separate rates were calculated by race (white and black) and geographic region. Trends in incidence rates over time were tested using Poisson regression, using year of diagnosis as a continuous variable. Multiplicative interactions with year of diagnosis were tested by including an interaction term with race or region in the model and conducting a likelihood ratio test.
Cox proportional hazards regression was used to compare disease-specific 5-year survival rates across decades, using the most recent decade (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) as the reference group. The SEER database codes patients surviving less than 1 month as having zero time of survival; we redefined this zero survival time as 0.1 months. Models were adjusted for age at diagnosis (continuous), historic stage, race/ethnicity, sex, and registry. Differences in patient characteristics according to stage at diagnosis were tested for each anatomic site separately using chi-square tests (sex, race/ethnicity, and geographic region) and one-way analysis of variance (ANOVA; age at diagnosis). Temporal trends were tested using year of diagnosis as a continuous variable. Stratified analyses were conducted for sex, race/ethnicity, and age (20-39 y, 40-59 y, 60-79 y, and 80+ y). Multiplicative interactions with year of diagnosis were tested by including an interaction term with sex, race, or age in the model and examining the P value of that term. All statistical analyses were performed using Stata 11.2 (StataCorp, College Station, TX).
Results

Demographics
Between 1975 and 2008 there were 19,669 individuals with primary hollow viscus gastrointestinal NETs identified in the SEER database who met our inclusion criteria. Of these, 1904 originated in the stomach, 7181 in the small intestine, 982 in the appendix, 2806 in the colon, and 6796 in the rectum (Table 1). The majority of individuals diagnosed with NETs were white and resided in the western part of the United States. There was no gender predilection for NETs of the small intestine or rectum, but NETs of the stomach, appendix, and colon affected women more commonly than men (chi-square test, P < 0.001, P < 0.001, and P = 0.010, respectively). Individuals diagnosed with NETs of the stomach, small intestine, or colon were older than those diagnosed with tumors of the appendix or rectum (one-way ANOVA, P < 0.001). 
Incidence
The overall incidence rate of gastrointestinal NETs has increased since 1975 and is evident for all gastrointestinal organ sites (P < 0.001), except NETs originating in the appendix (P = 0.466; Figure 1 ). The rise in disease detection was markedly higher for tumors of the small intestine and rectum than for tumors of the stomach and colon, but it was significant for both whites and blacks at all four organ sites (P < 0.001). We observed a significant race-by-year interaction for NETs of the rectum, such that the incidence rate increased at a higher pace among blacks than whites (P < 0.001). No other substantial race-by-year interactions were detected. Furthermore, incidence rates significantly increased across all geographic regions (P < 0.001), and some region-by-year interactions were observed. For small intestinal NETs, incidence rates increased faster in the Midwest than in the other three regions (P = 0.040). For rectal NETs, incidence rates increased more slowly in the East than in the other three regions (P < 0.001). In contrast, no significant region-by-year interactions were observed for NETs of the stomach or colon.
We found some significant differences in stage of presentation according to site of disease. The majority of individuals with NETs of the stomach, rectum, and appendix were diagnosed with localized disease, whereas detection of small intestinal and colon NETs was more evenly distributed among the three disease stages ( Table 1 ). All sites, except stomach, showed differential stage at diagnosis according to geographic region ( Table 2 ). For example, the West had a disproportionately high number of distant appendiceal NETs, while the South and Midwest had more regional cases, and the East had more localized cases. Furthermore, the South had a disproportionately high number of localized small intestinal NETs, along with fewer distant rectal NETs but more distant colon NETs. In addition, the Midwest had a disproportionately high number of distant rectal NETs.
Survival Analysis
Several factors were noted to affect disease-free survival, including tumor site. NETs of the rectum and appendix had the best prognosis, with a 95.6% and 90.3% 5-year disease-specific survival, respectively (Table 3 ). The 5-year survival for other gastrointestinal NETs was 86.2% for small intestine, 82.7% for stomach, and 67.4% for colon. Prognosis was also evaluated by decade of diagnosis. Although survival for individuals with NETs of the appendix appeared to have worsened since the 1970s in the crude model, there was no significant trend in survival rates over time after adjusting for age, stage, race/ethnicity, sex, and registry site (Ptrend = 0.779). A lack of survival difference over time was also noted for NETs of the rectum (Ptrend = 0.096) and stomach (Ptrend = 0.396). Notably, survival has significantly improved every decade for NETs of the small intestine (Ptrend < 0.001) and colon (Ptrend = 0.002).
We stratified the analysis according to gender, race/ethnicity, age, and geographic region. After stratification by gender, 5-year survival for NETs of the small intestine improved over time for both women (Ptrend < 0.001) and men (Ptrend < 0.001; Table  4 ). The same was true for NETs of the colon, though the trend was only marginally significant for women (Ptrend = 0.054, women; Ptrend = 0.010, men). No clear trends were observed for women or men for NETs of other organ sites.
Furthermore, we observed no significant year-by-race/ethnicity interactions (Table 5) . However, improvement in survival for NETs of the small intestine was evident in non-Hispanic whites only (Ptrend < 0.001). In contrast, survival for NETs of the colon significantly improved for both non-Hispanic whites (Ptrend = 0.014) and blacks (Ptrend = 0.031). Similarly, although no significant year-by-age interactions were detected, improvement in survival for NETs of the small intestine was most evident in patients age 40-59 years (Ptrend = 0.003) and 60-79 years (Ptrend < 0.001; Table 6 ). Likewise, improvement in survival for NETs of the colon was strongest in patients age 40-59 years (Ptrend = 0.009).
Region-stratified analyses were restricted to NETs of the small intestine and colon due to limited numbers of cases for other organ NETs. We observed a significant year-by-region interaction for NETs of the colon (P = 0.028), for which survival improvement across time was evident in the Midwest (Ptrend = 0.002) and South (Ptrend = 0.012), but not the West (Ptrend = 0.553) or East (Ptrend = 0.165; Table 7 ). In contrast, survival for NETs of the small intestine improved in all geographic regions, though the trend was not significant in the South (Ptrend = 0.060). Note: Appendiceal NETs were excluded from this analysis due to small numbers. 1 Adjusted for age (continuous), stage (localized vs. regional vs. distant), sex, and registry site 2 P value for interaction term between race and year of diagnosis (continuous) in Cox proportional hazards model Table 6 . Cox proportional hazards models for disease-specific 5-year survival in each decade, stratified by age. 
Discussion
Our study based on the latest SEER data examines the incidence and survival of gastrointestinal NETs according to gender, race/ethnicity, age, geographic region, and time. To our knowledge this study is one of the largest and most up-to-date reports of primary occurrences of gastrointestinal NETs stratified over time and geographic regions. As reported in other studies, our examination reveals increased incidence of gastrointestinal NETs [7] , particularly of the small intestine and colon. This increase may partially be attributed to improved detection through advancements in endoscopic and radiologic imaging techniques. The rate of increase, however, varied across regions; incidence of small intestinal NETs in the Midwest increased most rapidly compared with other regions, whereas rectal NETs in the East had the slowest increase. The differences observed among regions may be influenced by external factors, such as completeness of data acquisition, rather than a true difference in the epidemiology of the disease.
Yao et al [8] reported an increase in incidence and prevalence of NETs without significant differences by gender. However, we found that overall prevalence of stomach, appendiceal, and colon NETs was higher in women than men, a finding consistent with other reports [9] . Our study demonstrated a significant increase in the incidence of rectal NETs that was more substantial among blacks than whites, an observation in agreement with other studies [10, 11] . Although we did not investigate the cause of this racial disparity, prior published reports have demonstrated that minorities undergo less frequent screening colonoscopy than whites, but they are more likely to have sigmoidoscopies performed at appropriate intervals [12] .
We found that NETs of the rectum and appendix had the best prognosis, with 95.6% and 90.3% 5-year disease-specific survival, respectively, whereas survival for the remaining gastrointestinal NETs was 86.2% for small intestine, 82.7% for stomach, and 67.4% for colon. These findings agree with other studies [13, 14] that have shown that NETs of the colon and stomach seem to have worse prognosis. What is promising is that survival rates for colon NETs seem to have significantly improved over time. Also, since surgery is the mainstay treatment for colon NETs, an increase in screening colonoscopies [15] might have led to earlier detection of those lesions and, therefore, to a speedier definite treatment. The increased number of screening colonoscopies perhaps also explains how improved survival in colon NETs is seen primarily among patients age 40-59 years, when first colonoscopies are most likely to occur. We also observed an improvement in survival of small intestinal NETs over time, whereas survival rates were more static for stomach, appendiceal, and rectal NETs. However, the improved survival for colon and small intestinal NETs was limited to non-Hispanic whites and not observed among blacks or Hispanics. One study examined the impact of racial clustering and segregation on access to cancer specialists and concluded that there is an inverse relationship between the number of specialists and the number of minorities in various geographic regions [16] . Regarding the prognostic outcomes of gastrointestinal NETs across regions, we observed a statistically significant improvement in the prognosis of small intestinal NETs except for patients in the South. This disparity is difficult to interpret and it could be secondary to multiple etiologies that were not investigated in our analyses; therefore, no conclusions can be drawn at this juncture.
This study has certain limitations inherent to all studies that rely on retrospective data. Incomplete data may have had the greatest impact on our results. For instance, the SEER database may lack information on a high number of gastrointestinal NETs that were not registered, secondary to the fact that the vast majority of these lesions are benign. This gap in data availability could affect our results and conclusions. Also, the influence of geographic region is limited since the SEER registry does not incorporate information from every state, and there is disproportionate representation of patients in the West, which could also influence our gender and racial analyses. However, the SEER database is one of the largest registries that allow comparative analysis of individual tumors. This study is also limited by differences in data input over time, specifically stage of presentation. To account for this, we attempted to standardize stage of presentation by excluding newer staging classifications. Furthermore, we excluded non-first-tumors, including multiple NET sites reported on the same individual after the initial diagnosis, in order to examine accurately the incidence of these lesions.
Conclusion
To conclude, gastrointestinal NETs are a disease entity with increased incidence rates among all anatomic sites, except for appendiceal NETs. However, disparities are seen in survival rates according to anatomic location, race/ethnicity, and geographic region. Established national guidelines of detection, staging, and treatment could perhaps provide a more-even prognostic stand among patients afflicted with the disease.
